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Abstract
Several--diketones, including acetylacetone, benzoylacetone and diben-
zoylmethanit, have been utilized to coat the degreased clean or rusted surfaces
of ordinary carbon-steel sheets through complex formation. Methyl/n-butyl
methacrylate copolymer was extensively used for the final finishes of the
complex coatings, and some other organic. polymers were also tried.
The corrosion resistance of the coatings were then investigated and
compared with some lab-tests and a field test. The results, expressed with
Champion's Standard Charts, indicate that the anticorrosive properties by
complexation are better or far better than the corresponding controls. They
depend on the kind and the concentration of the undercoated complex at the
metal surface and decreases in the order:
Dibenzoylmethane Benzoylacetone Acetylacetone.
It shows the same trend as the decreasing stabilities of thier correspond-
ing iron -diketonates. Other related properties of the coatings and coat-
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Metals are. indispensable to the economic development in industrial product-
ion and our daily life, especially iron and steel whose productivity is gen-
erally considered to be a criterion for the strength of an industrial nation.
Corrosion, which results in metal loss, thus poses A serious problem to man
in respect of economics.-safety and resource protection. It was reported
that 130 million tons of iron and steel were-produced each year in the United
States, about one-fifth of the world's total, but an estimated 10-15% of this
amount was needed to replace the loss because of rusting. In Great Britain,
2
the financial cost of corrosion has been estimated at £1365 million a year.
Considering the cost of making iron and steel with water, other materials
and energy, this is also a kind of resource consumption. Localized corro-
sion of metal which often results in sudden failure of critical parts in any
steel structures may causing explosion, wrecks and casualties as well.
Corrosion, defined as the destruction of a metal by chemical or electro-
chemical reaction with its environ.Aent usually involves one or both of the
mechanisms, namely, chemical mechanism and electrochemical mechanism. Other
systems of classification of corrosion may be based on the different types
of destructions or various environments. Only-the mechanistic classification
4,5
is discussed in this thesis. The two types of corrosion are:-
(1) Chemical corrosion-- corrosion of metal in dry gases(air, smoke gases,
steam at high te-.q)peratures).without moisture at the metal surface is
simply a direct combination between the metal and nonmetal elements.
Oxidation is a common phenomenon, because metal oxides are thermody-
namically stable, particularly at high temperature (see Table 1.1).
2Table 1.1 G.f for some common metal oxides*.
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* W.L. Smith, Chemistry, 49, (1), 1976, p.15.
Corrosion of metal in dry air (also called dry corrosion) is slow or
retarded due to the formation of metal oxides on the surface.
(2).-Electrochemical corrosion- corrosion of metal in wet or moist condi-
tion (including water, aqueous solution, ordinary atmosphere and soil)
or fused salts and slags, is electrochemical in nature. The redox of
the metal substrate with its surrounding electrolytes generate an elec-
tric current which can be used to measure the extent of corrosion.
Electrochemical corrosion occurs under either or both of the following
situations:
a. The presence of other more active metal(s) than the base metal in
wet or moist condition, which initiates bimetallic corrosion due to
the formation of a dissimilar electrode cell (dry cell) or local
action cell (electrically short-circuited cell)
b. The presence of irregular conditions at the metal surface, e.g.,
different composition in the metal, different physical properties
=in the metal, or in the aqueous environment, e.g., different composi-
tion or concentration, which refers to a salt concentration cell or
3a differential aeration cell.
Electrochemical corrosion of iron and steel may involve several steps
as illustrated below:
Oxidation at anodic area--
Reduction at cathodic area--
(i) in deaerated solution
Note: (a) Rapid in acid.
(b) The rate of hydrogen ovolution at a specific pH
depends on the presence or absence of low hydrogen
overvoltage impurities in the metal.
(ii )-in aerated solution
Note: Corrosion rate is accelerated due to the presence of
depolarizer, e.g., oxygen.
Precipitation at the in-between sites--
Rust formation--
where n may vary in different conditions.
In summary there are several different cathodic reactions which are
frequently encountered in metallic corrosion:
hydrogen evolution
oxygen reductio(acidic)
oxygen reduction(neutral or basic)
Metal ion reduction
Metal deposition
42. Prevention of Corrosion
Analysis of the corrosion mechanisms indicates two conditions for the occur-
rence and development of metal corrosion, which are:
(1) The electron(s) lost by the metal (oxidation) at anode must be absorbed
or used up by any other chemical species (reduction) at cathode
(2) Any ions produced by redox must combine with others of opposite charge
and be removed from the reaction- site to avoid any net charge accumula-
tion.
Thus any measure or condition which is able to retard or obstruct either
or both of the above actions can eventually slow down or inhibit the metal
corrosion.
The following methods6 based on the above principles or corrosion preven-
tion are widely used in the corrosion protection. When these methods are ap-
plied, the metal to be protected and its environment, as well as the economy
should be taken into consideration. They are listed in the order of popularity:
(1) Surface coatings--
The covering may be an organic layer such as lacquer, vanish, resin,
rubber and plastics or metal (by electroplating), such as tin or
inorganic compounds mixed with organic resin, such as the red lead
paint. This method has the advantages of easy and simple application,
and economy as well. However, a little attack or damage at the co-
6-r-ing may result in serious and rapid local corrosion or pitting in the
case of metal coating, the damage of the less active metal may cause
a greater difference in potential between anode and cathode, thus
accelerates the corrosion rate of the metal.
5(2) Cathodic protection--
This is a method to reduce or prevent metal corrosion by making it ca-
thodic, for example, by the use of sacrificial anode or impressed cur-
rent. It is widely used in the protection of iron and steel, for ins-
tance, in the protection of underground steel water-pipe, oil-pipe and
the hull on a ship by a piece of magnesium sheet, called sacrificial
anode, connecting to the pipe or the ship hull. The zinc coating of
iron and steel, particularly called galvanized iron, has also the same
effect.
7,8(3) Addition of inhibitors--
Inhibitor is a chemical substance or mixture which when added to an
environment usually in small concentration increases the polarization
of the concerned electrode(s) thus effectively decreases corrosion.
According to different types of electrode(s) to be inhibited. Inhibitor
may thus be divided into
a. anodic inhibitor, such as chromate, nitrite, orthophosphate,
silicate and benzoate
b. cathodic inhibitor, such as Sb3+ ions (especially for iron protect-
ion) and As3+
c. mixed inhibitor, such is organic-inhibitors containing nitrogen
and/or sulfur (see Figure 1-1).
Passivator usually refers to an inhibitor which appreciably changes the
potential of a metal to a more cathodic value, i.e., an anodic inhibitor
6logj logj logj
(1) Anodic inhibitor (2) Cathodic inhibitor (3) Mixed inhibitor
Note:
(1) Anodic inhibitor- increases the anode polarization, and hence shifts
the corrosion potential to a positive direction
and eventually lowers the corrosion rate as shown
by the decreased value of log j, the current
density.
(2) Cathodic inhibitor-increases the cathode polarization, and hence
shifts the corrosion potential to a negative
direction.
(3) Mixed inhibitor- the potential shift depends on the size of the
anodic and cathodic effects.of the inhibitor.
Figure 2-1 Action of corrosion inhibitors.
(4) Change of, composition, physical properties of the metal--
Alterations of the composition of the metal by alloying addition
or purifying process, of its structure by heat treatment, or of its
stress condition by heat treatment or cold-working, can also















of a metal gical,
Thermo-
dynamic
Figure 2-1 Factors affecting corrosion resistance of a_metal.
(Reproduced from M.G. Fontana and N. H. Greene, Corrosion
Engineering, McGraw-Hill, New York, 1967, p.8.)
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3. Concepts of Chemical Conversion Coating
Surface coatings, which mechanically isolate the metal from corrosive envi-
ronment, are considered as one of the most popular and effective methods for
the protection of iron and steel. According to the mechanisms of adsorption,
they are usually classified into three types of surface treatments, namely
the metallic coating (electroplating, metal spraying), chemical coating
(chemical conversion) and paints (organic coating). In practice, a surface
finishing of metal may be composed of only one type of these coatings, e.g.,
electroplating, applying a lacquer or paint or sometimes two types, e.g.,
phosphatization of iron surface followed by electroplating.
Chemical surface coating or simply chemical conversion, is defined as a
coating procedure by chemical or electrochemical treatment of a metallic
3
surface which gives a superficial layer of a compound of the metal, e.g.,
chromate-coating on zinc or oxide-coating on steel. Chemical coatings are
widely used for providing a rapid and easy protective coating which can be
primed or painted.
Several methods of chemical conversion coatings which have been exten-
sively studied, well developed and sucessfully applied in iron and steel
surface treatment include phosphatization, chromatization and oxidation.
However, since a successful coating, including organic and metal coatings
necessitates a'clean or activated metallic surface immediately before coat-
ing is applied, it becomes a tedious, complicate and labor-consumming work,
e.g., the formation of chromate film will be* prevented if the metal surface
is passivated (oxidized). Complete decreasing and scale-removal are necess-
ary for paint coating.
9Recently, chemical conversions through complex formation with the metal
surface have been studied, though mature development and successful applica-
11
tion are rarely reported. The advantages of this treatment include:
(1) a clean or-activated metal surface immediately before coating is not
necessary, which allows a certain amount of rust at the metal surface
(2) saving a great deal of processing time and manpower for rust-removal
.before coatings
(3) acting as a primer, the complex-coating is anticipated to strengthen
the adhersion between the metallic surface and the organic coatings
due to its particular structure formed at the metal surface as illus-








(chemical interactions between(organic coatings are locked
in the cavities of the 0 and C, C and M)
metal surface)
Figure-3-1 A comparison between the general mechanical adhersion
and the chemical adsorption.
4. B-Diketones as Complexing Agents of the Chemical Conversion Coating of
Iron and Steel
4.1 Concepts',
Even a degreased clean surface of iron and steel is covered with a
0 12
thin layer.of passivating metal oxides (between 5 and 200A thick).
when exposed to dry air. Rusted or scaled iron and steel may contain
several layers of metal oxides. The general compositions of rust on
the surface of ordinary carbon-steel under atmospheric exposure condi-
tions are Y-Fe 2 0 3, Y-Fe 2 0 3.H 2 O, -Fe2 O 3, OtOi-Fe 2 0 3.H2 O, FeO and
Fe304. Figure 4-1 pictures the typical arrangement of rust or scale
on the iron surface.
_Fe2 03( brown)





Note: All iron oxides are hydrous.
Figure 4-1 Typical structures and compositions of a.scale.
The generation of ions or chemically active states of the metal
at the surface to be treated by chemical conversion through complex
formation is done first by activating the metallic surface with a mild
acid if there is no rust present. The'complex formation is then accom-






(a) Activating the (b) Complexing agents (c) Chemical con-
metal surface approaching the version or





Figure 4-2 The action of complex formation at the metal
surface.
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Obviously the competition for the once-generated metal ions or
activated states among the complexing agents, oxygen molecules and
water is very keen, and depends on various factors, such as the nature
of the chelating agents, concentration of the competitors, pH value
of the coating solution, duration of the contact, etc.. All these
make the preparation of an effective coating solution for iron and steel
-a difficult and complex task.
4.2 Choice of P-diketones as complexing agents
The reasons for choosing acetylacetones (acetylacetone, benzoylacetone
and dibenzoylmethane) as the complexing agents in this study of chemical
conversion coating of iron and steel are:
(1) acetylacetones, the bidentate chelating ligands, have a strong
tendency to form complexes with divalent or trivalent metal ions
13-15
particularly in a basic medium. This is very important in
considering the interference from oxygen and water molecules
(2) the outward nonpolar functional groups (CH39 C6H5) of the
complexes formed or the complexing agents not only make the com-
plexes quite stable in'water which is regarded as one of the main
.factors (another is oxygen) causing general corrosion of iron and
steel, but'also facilitate and-strengthen the adsorption with any
organic coatings later or simultaneously applied
(3) The complexes are not soluble and nor dissociated in water.
Some general properties of these P*-diketones are listed in Table
4.1.
13
Table 4.1 General properties of the related P-diketones
Acc :y, lace tone,Common DibenzoylmethaneBenzoylacetone
diacetylmethanename
2,4-Pentanedione 1, 3-Butanediorie, 11,3-Propanedione,
IUPAC




Mol. Wt. 100.12 162.19 224.26
-23Melt.pt C 56 70-1
Boil. pt C 139 261-2
ethanol, ether,water, ethanol, ether, CHCI3,
Soluble
CC14, benzene,acetone, CHC13,ether, acetone, ch
in
dil. NaOH.CC14, benzene.CHC13, CC145
benzene.
Usual abbreviations.
Compiled from R.C. Weast(ed.), Handbook of Physics and Chemistry,
56th ed., CRC, 1976.
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4.3 Chemical conversion: complex formation at the metal surface
The formation of iron R-diketonate complexes is simply a replacement








Note: A-- enol form, dominant in non polar solvent.
B-- keto form, dominant in aqueous solvent
It is understandable that the most favourable condition for the
complex formation between the chelating agent and iron salt (Fe 2+, or
Fe 3+
is in an aqueous basic medium, such as sodium acetate, aqueous
ammonia or urine. In fact, this is the basic principle of preparing
16
the metal complex of P-diketonates It is not, however, when the
substrate is a metal surface, though activation of the latter before
adding the complexing agent may be more or less helpful. The reason
is that the presence of OH ions in a basic medium also favors the
formation of iron hydroxides which can easily change into rust before
the complex formation.
Complex formation at the metal surface in a suitable acidic
condition-using appropiate solvent mixture may promise a successful
coating without the interference of hydroxyl ions. It depends on the
stability constants of the rp-diketones toward H+ and Fe2+ (or Fe3+)
in a certain solvent mixture. Table 4.2 provides some useful inform-
ation concerning this aspect. A comparison of the stability constants
15
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( All the stability constants except those with a superscript'c' are taken from Martell
and Calvin's Chemistry of Metal Chelate Compounds. 1964, p542.)
a: Unless otherwise stated.. the logks listed are the equilibrium formation constants
for 1:1 chelates. The chelating agents are taken as the specimens from which all ion-
izable protons have been removed.
b: Value corrected to'pure aqueous solution.
c: Stability constant measured-at 30 0C, taken from Stability Constants,Special publi-
cation no. 17, published by Chemical Society, London, 1964, pp. 444-5.
(): value bracketed refers to the ionic strength.
of the complexing agent toward H+ and Fe2+ ions suggests a still
greater chance for. the complex formation between metal ions and the
chelating agent. Although an acidic condition makes less B-diketonate
anion available it does activate the metal surface. One would expect
that thus a complex with a larger stability constant would be more
easily formed at the metal surface.
4.4 Effect of substituent(s) on the stability of the B-diketonato metal
21-25
complex
The X-ray structural determination 17
on Fe(ACAC) 3 reveals that the
chelating rings are plannar. The two C-C bond lengths are equal,
0
namely, 1.39A, similar to the C-C bonds in benzene. Both C-0 bonds
0
are 1.28A long, between the single and double bond lengths, indicating
delocalization of the n electrons over the chelating ring, which is in












Different substituents on R1 and R2 in Table 4.3 may affect the
effectiveness of delocalization of the n electrons over the chelating
rings. This has been studied by many chemists. R.D. Hancock and his
collaborators used both theoretical calculations 18 and spectral experi-
ments 9 to study the effects of different combinations of R qne R
1 2
with CH3- and C6H5- substituents on the stabilities of their corres-
ponding metal P-diketonate complexes (see Table 4.3). K. Nakamoto20
et al. also did the IR spectral determination on this effect. Whereas,
26
R.L. Lintvert and L.K. Kernitsky used UV and VIS spectral data for
the stability studies (see Table 4.4).
All of the data obtained reveal that stability of the metal
R-diketonate increases in the order:
ACAC BAC DBM
This is not hard to explain since the mesomeric interaction of the
phenyl group(s) with the chelating ring lowers the C-0 stretching
frequency and thus raises the M-0 stretching frequency and the more
effective delocalization of the n electrons results in the smaller
electronic transition energies in the intra-ligand n n transition
and the charge transfers M L (t2g -*) and L -M (7r eg).








































II. AIM OF THIS WORK
Complexing agents used as corrosion inhibitors for metal protection
An corrosive media, particularly liquid, have been reported successfully by
many workers. Owing to the strong bondings of the metal complexes and
their particular structures at the metal surface, these complexing agents
have been put to the industrial practice with satisfactory performance.
However, complex formation as a coating at the metal surface or
precisely a chemical conversion coating, whether serving as a primer or
a paint was seldom reported. The unpopularity of this study was believed
due to the difficulties in preparing the coating solutions and coating
techniques.
The purpose of this work is hence to seek a kind of bidentate che-
lating agents, f3-diketones, to form an iron complex as a coating on the
.carbon-steel sheet, one of the chief structural materials in industry.
This research consists of
(1) the preparation of the coating solutions and the study of the
processes of complex-coating
(2) the final finishes of such complex-coated. specimens with so* e
organic resins
(3) testing corrosion resistance of the coating with several prevail-
ing test methods
(4) comparing the effects on coating and corrosion resistance due to
different P-diketones, methods of application of the coating solutions
and different conditions of the coating solution.
20
III. EXPERIMENTS
1. Preparation of Specimens
27-32
1.1 Nature of the specimen
All specemins used for further coatings or calibrations of the testing
apparatus were ordinary carbon-steel (low carbon-.steel or mild steel).
A large sheet of this carbon steel with 1.4 mm thick and density of
7.86 gm/cm3 was cut into a number of small pieces with dimensions of
3 cm x 4 cm. Such a specimen's size, though slightly smaller than that
recommended, could be more conveniently handled in a small volume (ca.
100 ml) of coating solution.
This type of carbon-steel supplied by the machine workshop of the
Chinese University of Hong Kong, is widely used due to its ease in welding,
low price and good structural properties.
33 .34
1.2 Surface preparation of the specimens
(1) Surface preparations:
(A) Degreasing--
a. For original specimens (from the machine workshop or pug:--
- - . . . . .
chased):
Electrochemical degreasing method was found to be most
suitable and effective for the greased and rusted carbon-steel
specimens. Composition of the degreasing solution and oper-
ational conditions are
solution: NaOH 10 gm/1
Na2C0'I 20 gm f
Na3PO4.12H20 50 gm/1
operation current: I Ampere
immersion time: 1 minute
cathode: specimen to be greased
anode: stainless-steel sheet.
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b. For complex coated or/and organic coated specimens:
Many organic solvents, such as acetone, CHC13, CCl4
and trichloroethylene are suitable for this purpose. Ace-
tone was mainly used in this work because of its relatively
low cost and low toxicity.
(B) Scale (rust) removal--
For any rusted specimen, scale removal using hydrochloric
acid with a small amount of inhibitor was found efficient, rapid
and complete without appreciable attack to the sound base metal.
This cleaning solution was composed of 15% by weight of concentra-
ted HCl solution (Sp. G. 1.16, 32%), and 0.1% hexamethylene-
tetraamine (urotropine) as inhibitor. Heating may accelerate the
process.
General proceures:
1. Specimen after degreased was rinsed with water, then immersed
in the scale-cleaning solution until the scale was completely
removed.
2. The clean specimen was then washed with running water, immersed
in 0.4% Na2CO3 solution for about one minute, and washed with
running wager again.
3. The specimen was finally rinsed with acetone, then dried
with tissue paper or towel.
4. The dry specimen was stored in a desiccator and ready for
use in testing or coating.
22
2. Testing Corrosion Resistance of Coatings
35-37
2.1 Principles
Testing is the process of relating coating value to the job of protection.
There are two main types of testings useful in obtaining the general in-
formation on the quality and corrosion resistance of a protective coating
on a metal: the laboratory tests and the field tests.
Laboratory tests are usually designed to simulate certain critical
service conditions in actual plants and carried out in a small apparatus
in laboratory. Thus the laboratory test may be regarded as a screening
test or acceptance test for predicting the protective quality and ability
of a coating before the latter is put in the actual use.
Field tests require the testing material subjected to the practically
occurring natural corrosion environment. Such tests are always particu-
larly valuable and sometimes indispensable because there is actually no
natural environment is definitive or constant which can be simulated by
the apparatus in a laboratory.
Laboratory tests have mainly been used in the studies of corrosion
resistance in this work because of the limited time and testing facilities.
Lab testings included the alternate immersion cycle, spray cycle and
condensing humidity cycle, and only one field test, the atmospheric exposure





(1) Intermittent total immersion test
Theory:
This test is designed to simulate, for example, the effects of the
rise and fall of tital and other waters, and the movements of corrosive
liquid like sodium chloride (3-5%) in chemical plant. The test speci-
men is immersed in a 3% NaCl solution for a certain period of time
then exposed to air until complete dryness before next cycle begins.
The periods of immersion and emersion which have been used in this test
(vary considerably with the different test materials and standards used.
Two hour immersion was generally used in this study for the final finis,
with acrylic resins.
Procedure:
1. Each test specimen was lowered int a 250 ml beaker containing
150 ml of 3% NaCl solution, as shown in Figure2-1.
2. The immersion lasted for 2 hours.
3. The test specimen was then raised and completely dried in air.
4. Steps 1.-3, were repeated for next cycle.
5. Evaluation of the corrosion resistance of the test specimen was
0
made with Champion's Standard Charts (discussed later) and the
intensity of the yellow color of the corrosive-solution in the
beaker after each cycle was observed and compared.
Figure 2-1 Total immersion test




(2) The (condensing) humidity test
Theory:
It is a test in humid atmosphere with the moisture condensation on
the surface of the test specimen in droplets. This test is to simu-
late the rural conditions particularly in tropical. area or the corrosion
initiated by humid conditions and condensation together due to the
temperature fluctuations. Variations among different workers aand
institutes depending on their own requirements and situations, like
the immersion test, have appeared. Test in. this study is based on the
recommendation from K.G. Compton39
Procedure:
1. A humidity chamber (see Figure 2-2) was constructed and tested to
assure that different location of the specimens to have the same
testing effect (see Table2.1), which was operated at the temperature
0
about 40 C and higher by the control of the thermostatic water
bath. The relative humidity was about 90%.
2. Test specimen was put in the chamber for 2 hours.
0
3. It was then interrupted by chilling to 0 C (in a refrigerator)
0
or room temperature (about 20 C), to give effective condensation
of water vapor at the specimen's surface.
4. The specimen was dried completely-in air before next cycle started.
















Calibration of the condensing humidity testa a,b
1. 2 3 4 5 6 7 8
weighed before test (gm)
17.7151 16.4155 17.1927 16.7831 16.1885 16.5989 16.4050 16.0791
,C,
weighed after test (gm)
17.7113 16.4131 17.1888 16.7788 16.1853 16,5958 16.4013 16.0763
weight loss (gm)
0.0038 0.0024, 0.0039 0.0043 0..0036 0.0031 0.0037 0.0028
d
corrected weight lossd(gm)
0.0033 0.0019 0.0034 0.0038 0.0031 0.0026 0.0032 0.0023
average weight loss (gm/sheet)
3.0 0.6 (mg)
a: Heating in a humidity chamber of relative humidity 90% at tempera-
0
ture 40 C for 2 hours, then cooling down to room temperature in air
overnight.
b: Almost same sized clean carbon-steel sheets taken from the de-scicator
were used.
c: Weighed after cleaning the surface with the Clark's solution(see
3.2 'Gravimetric method and cleaning of specimens after corrosion'),
d: The weight loss correction was obtained in the following way:
Cl C2 C3clear, control
before cleaning 17.6616g 16.3186g 16.8235g
17.6610g 16.3182g 16.8230gafter cleaning
wt. loss due to 0.0006g* 0.0004g 0.0005g
cleaning
average wt. los: 0.0005g/sheet
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(3) Salt droplet spray test
Theory:
,It is a simple test with adequate reproducibility for small batches
of painted steel specimens, though its reliability in actual service
has bong been controversial. Many advanced industrial nations, never-
theless, adopt it as one of the standard methods for corrosion testings
of materials and coatings. The following procedures are originated
from the British Standards (BS 1391-1952) with a few modifications.
Procedure:
1. The test specimens were separately sprayed with an atomizer 3%
NaCl solution.
2. The atomizing nozzle was placed 12 inches (30.5 cm) from the
standing specimen which was Lemperarily removed from its place on,
the rack.
3. The specimen was manually sprayed 5 times in each cycle.
(Note: A color liquid has been used to assure that the specimen's
surface was completely covered with ,discrete droplets under
these appropiate.spraying conditions.)
4. The specimens were then suspended by threads from horizontal
glass--rods in a humidity chamber,'in which the distance between
the water-dish and the lower end of the specimen was about 2
inches.
Published by British Standard Institution, 2 Park st.,London W1A 2BS,
U.K..
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5. The relative humidity (RH) of the chamber was about 90% at room
temperature.
(Note: This particular humidity chamber was set up as shown in
Figure 2-3 and calibrated according to the procedure of
salt droplet spray test to assure the different locations
of the specimens to have the similar effect (see Table
2.2a and 2.2b).
6. Corrosion of the test specimen was then evaluated with the Champ-






28 cmwater to keep
the humidity at
90% RH.




Calibration of'the salt droplet spray testLd (Trial 1.)
exposure total
specimen 1 2 3 4. exposurein chambe
lst wt. (gm). 15.1386 14.6116 11.1799 13.9583
2nd wt. (gm) 15.1425 14.6151 11.1836 13.9625 24 hrs 24 hrs
1st increased
0.0039 0.0035 0.0037 0.0042
wt. (gm)
average value 0.0038± 0.0003 gm
3rd wt. (gm) 15.1495 14.6222 11.1898 13.9692 48 hrs 72 hrs
2nd increased
wt. (gm) 0.0070 0.0071 0.0062 0.0076
(lst+2nd) inc.
0.0109 0.0106 0.0099 0.0109
wt. (gm)
average value 0.0106± 0.0005 gm
Table 2.2 b
Calibration of the salt droplet spray test@ (Trial 2.)
exposure totalspecimen 1 2 3
in chamber exposure
14.3768 14.32811st wt. (gm) 14.0062




average value 0.0051 0.0007 gm







average value 0.0125± 0.0015 gm
As stated in Procedure.
b: Weighed after dried in a desiccator for 2 hours.
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(4) Intermittent salt spray test
Theory:
Each cycle of the test is composed of the exposure of the test
specimens to the simulated less mobile fog produced by spraying or
atomizing the salt solution and a period of time for the hygroscopic
character of corrosion products to influence the corrosion. This
test may also simulate a pure marine atmosphere and the intermittent
application of salt spray gives a closer application to marine and
coastal condition. The set-up of the testing apparatus was based on
G. Wranglen's reference 38 with some modifications.
Procedure:
1. The salt spray chamber was built and some calibration tests
were not satisfactory with large standard deviations (see Table
2.3). The set-up was shown in Figure 2-4.
2. All the test specimens were hung by threads along the horizontal
glass reds.
3. The mist (aerosol) of 3% NaC1 solution was produced using an
atomizer and a cylinder of compressed air.
4. The period of salt spray and the amour. t of solution sprayed was
specified in each test cycle.
5. Corrosion of the test specimen was evaluated with the Champion's
method after each cycle.
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(5) Atmospheric exposure test---field test
Test specimens were individually suspended at an angle of about
0
30 towards the horizontal plane and situated southward on the rooftop
of the Science Building, the Chinese University of Hong Kong.














Figure 2-4 Set-up of the aerosol chamber for salt spray test.
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Calibration of salt spray testaTable 2-3
d
1 2 3 4 5 6specimen
16.4612 17.6651 16.9189 16.8934 16.7066 16.19901st wt (g)
16.4578 17.6614 16.9163 16.9808 16.7034 16.19562nd wtb (g)
0.0034 0.0037 0.0026 0.0026 0.0032 0.0034wt loss (g)
13.78 15.33 14.49 .14.70 14.10 13.65area side
(cm) c
corrected 0.0025 0.0027 0.0017 0.0017 0.0023 0.0025
wt loss(g)
wt loss









a As stated in Proceduce, and spraying for 10 minutes, drying 40
minutes, spraying 10 min. again, and drying overnight, then the
weight loss was determined.
b Determined by Clark's solution cleaning after corrosion
c A correction value of weight loss due to Clark's solution was found
in the following way: C C2
before cleaning 16.1990g 16.7930g
after cleaning 16.1980g 16.7922g
wt loss 2 O.001og 0.0008g
area/side(cm) 4.55x3.00 4.85x3.00
wt loss g/cm2 3.66x10-5 2.75x10-5
-average R/curl2 3.21x10-5
C: Clean control sheets for correction value determination
Specimens' locations.:
(Top view of the specimen si..and, see also Figure 2-4)
r3)
.5





3. Assessment of the Effects on Bare Metal or Coated Specimens
Many methods 34are available for the assessment of the corrosion effects
on bare metals as well as the coated specimens. Two main approaches were
adopted in this'study for the evaluation of corrosion effect on the bare
or coated specimens of carbon-steel steet. They are the method of micro-
scopic and macroscopic examination and gravimetric method.
3.1 Microscopic and macroscopic examination
This method is mainly for the study of corrosion of the coated specimens.
The effect may be judged either by
(a) the area of rusting:
The proportion of area corroded or discolored by corrosion
products is reported, usually in% of the whole area of the specimen
or
(b) the Champion's Standard Charts 40:
F.A. Champion proposed this method in 1943 with the following
procedure--
1. The type of corrosion was first classified (Figure 3-1) followed
by comparison of the specimen with the Standard Charts of number
of sites, size of areas, and intensity or depth of the attack
(see Figure 3-2 and Table 3.1),-bearing in mind that the differ-
ences between the various ytypes of corrosion are in degree
rather than in kind.
Note: The intensity of the depth of attack will not be dealt with
in this study.






























CHART C CHART D









5 Considerthle 6 Severe
6 Severe
7 Very
7 Very Severe Severe
Figure 3-2 Standard charts for microscopic and
macroscopic examination.





















(shade-dareas not Epsrd Surface
corroded). (alongcentreline).
Figure 3-1 Types of corrosion
(Reproduced from F.A. Champion, J. Inst. Metals,
69, 47-66(1943))
Table 3 .1 Details of Standard Charts of Fig. 3=2
IntensitySizeNumber
Factors
Chart C Char.tD affectingChart BChart A
Descriptive Corrosion
Number Standard
Term Depth Depth influence)AreaStandardStandard No. per
(sq cm)Termsq dmTerm (cm)(cm)
Minute
0.0001 0.004 90.0006)Very few 33 Minute1
Trace
130.0004 0010.003 Very slight100 Very smallFew
200.0016 00250.016 SlightSmall number 330 Small3
0.006 0.06 30Moderate number 0.08Moderate Moderateloco4
0.15 45Considerable number 3300 Considerable 0.024Considerable 0.45
0•l0 0.4 702.0Numerous Severe6 10000 Large
0.4010.0 Very severe 10 100Very numerous 33000 Very large7
Common
Ratio 5 4 2.5 1.53
of Series
(Reproduced from F.A. Champion, J. Inst. Metals, 69, 47-66(1943))
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2. The observation was then recorded by number and standard
abbreviations to give a kind of shorthand description (see Table
3.1), while the short-hand description permits the collection_
of results in, compact tables for relatively easily assimilation.
For instance, a short-hand descriptions of Lu 243 would mean
it a few moderate area of slight uneven local attack at the
specimen.
Note: In this study, only the type of corrosion, number of sites
and size of area of the attack were recorded for each side of
the test specimen separated by a slash'/'.
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3.2 Gravimetric method and cleaning of specimens after corrosion
This method is mainly used in this work to examine the efficiency
and uniformity of the different corrosion testings. Since the cleaning
(removal of rusts and scales) of specimens after corrosion is necessary
for weight loss determination, a solvent or solution with little attack
at the uncorroded areas should be used. The Clark's solution was chosen
for this purpose, which is composed of HC1 solution of Sp. G. 1.16 (100ml),
Sb203 (2 gm) and SnC12 (2 gm).
General procedures for the weight loss determination and cleaning of
specimen:
1. Specimens were degreased and cleaned (see 1.2 'Surface preparation
of the specimens'), then stored in a desiccator for a few hours
for stability equilibration.
2. Specimens from the descicator were weighed accuratily to 0.1 mg.
3. After corrosion test, the specimens were immersed in the Clark's solu-
tion for a length of time dependent on the degree of corrosion for
rust or oxides removal. Controls (at least two pieces) were similar-
ly treated for weight loss correction.
4. The specimens (including controls) were then rinsed with water,
0.4% Na2CO3 solution and running water again.
5..The specimens were finally rinsed with acetone to accelerate the water
evaporation, and wiped dry with tissue paper or towel and then stored
in a desiccator for a few hours before reweighing.
6. The specimens were again weighed, and the weight loss were calculated.
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4. Final Finishes of Complex-coated Surface: Organic Coating
4.1 Types of surfaces to be coated
There were two types of surfaces for the coating:
(1) Bare metal surface of carbon-steel sheet
(2) Already complex-coated surface of carbon-steel sheet.
4.2 Methods of application
(1) Surface coating by brushing (with acrylic resin and polystyrene resin):
A piece of glass rod (diameter about 5 mm), wetted with the organic
polymar resin solution, was used to brush the surface (with the rod
parallel to the surface). Great precaution was taken to assure a
uniform and complete coating. The application was one-pass from
bottom to top or from one side to another side.
This procedure was simple and handy, however, a small variance
in such coatings was unavoidable.
.(2) Coating by aerosol spraying (with PYLO
A spraying procedure was carried out following the instruction
given by the manufacturer. To avoid any possible difference due to the
mannual spraying, samples and controls were arranged side by side
in alternate positions and sprayed twice in a zig-zag manner.
(3) Dipping (or immersing) coating:
The carbon-steel sheet was lowered into a volume (about 50 ml)
of coating solution, normally for half minute.
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4.3 Materials of organic coatings
(1) Methyl/n-butyl methacrylate bead copolymer
Commercial brand: Du Pont Elvacite with grade number 2013.
Characteristics and uses: The copolymer is fast-dissolving, low vis-
cosity grade with quick solvent release. These properties are
good for the already complex-coated surface, since the solvent
will have little effect on the coated complexes at the surface
during the organic coating. It has been extensively used in
industrial lacquers, aerosols, inks and coating for plastics.
(More information about this kind of acrylic resins can be ob-
tained in Ref. (41)).
Solution preparation: A'composition of this resin in methyl ethyl
ketone in a ratio of 1:5 was used for preparating the coating
solution. This solution was found to be suitable for coating
bare metal surface in consideration of the resulted physical
appearance, e.g., cracking and the general anticorrosive proper-
ties.
(2) PYLO
This is a kind of commercial lacquer for aerosol spraying, produced
by Nippon Paint Co. Limited, Japan. It is widely used for general
pruposes of surface coatings.
(3) Polystyrene
It is obtained in the bead form and when used, a ratio of 1:5 in
methyl ethyl ketone was made.
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5. P-Diketonate complex coatings at the carbon-steel surface
5.1 Convention
In this chapter, the preparations and compositions of the coating solutions,
the coating details and data evaluations were presented and discussed.
The following notes should be taken:
Unless otherwise stated, thereafter
(1) all the surfaces to be coated were clean
(2) methods and procedures of various organic coatings were followed as
discussed in the previous chapter' Final finishes of complex-coated
surface: organic coatings
(3) corrosion testing methods and procedures were followed as discussed
in' Testing corrosion resistance of coatings'
(4) different approaches of assessing the effects of corrosion testings
as discussed in 'Assessment of the effects on bare metal or coated
specimens': were adopted for different situations occurring in this
chapter.
(5) abbreviations and symbols except those of the Champion's Standard
Charts used thereafter include:
C-- for control specimen`
S --,for testing specimen
0--- for the absence of attack from corrosion testing, also
regarded as an additional description number in the
Champion's method.
(6) all the VIS spectra as well as the sp'ectrophotometric determination
of complexes formed were obtained with the use of a Hitachi 323
UV-VIS-NIR double beam recording spectrophotometer.
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(7) all IR spectra were obtained with the use of a Perkin-Elmer 337
IR spectrophotometer
(8) microanalyses of the synthetic Fe(III) acetylacetonates (used for
the identification of the corresponding metal complexes formed by
coating) were performed by Australian Microanalytical Service,
CSIRO, Victoria, Austrlia.
5.2 Complex-coating with acetylacetone
(1) Discussion
Complex coating at the surface of the carbon-steel sheet was mainly
15,42
based on the synthetic methods of acetylacetonato-Iron(III) complex,
i.e., the activated iron sheet was immersed in a solution of acetyl-
acetone deprotonated by a base. Obviously this method, unlike the
reaction between acetylacetone and iron salt, has many limitations:
the ready formation of hydroxides in and after the coating process, and
the poor vaporization of the solvent at the surface. Moreover, in
the synthesis of Fe(acac)3.(with the iron salt), sodium acetate solution
was widely used as a base and a buffer to maintain the constant pH
value, however, the acetate anions in the coating solution would at,
tack the metal 'surface and cause corrosion43 Aqueous solution, th-
bugh may facilitate the activity of iron ions, keeps the surface wet
throughout the whole coating process.
A rather satisfactory coating at the surface was made using the
following composition.
10 ml of acetylacetone (acac)
10 ml of ethanol (95%)
1 ml of 1:1 ammonium hydroxide
pH ca. 9.
42
This composition could avoid excess water present while-allow the coated
surface to dry rapidly. The presince of ethanol could also quickly con-
13
the Fe(II) complex into Fe(III) complex 3 in addition to help dis-
solving acetylacetone.
(2) Characteristics of the coating
(a) Surface must be first activated to expose the metallic surface for
complexation with acetylacetone.
(b) Short immersion time about 15 seconds was sufficient because of the
high concentration of acetyLacetone.
(c) Color of the coating layer was orange to red and its full develop-
ment was expected after one hour exposure in air.
(d) The complex-coating was stripped off in CHC13 or CCl4, and both
its VIS and IR spectra were obtained,which completely agreed to
15,42
those from the synthetic Fe(acac) 3 complex (see Figures 5-1,
5-2,'5-3 and 5-4).
(e) Concentration of the complex was found up to the order of 10-2
mmole per sheet as determined by spectrophotometric method.
(f) The pH value of the coating solution would decrease after use of
a number of coatings..
(g) Concerning the above composition of coating solution, further
Analysis of the synthetic Fe(acac)3 complex from calculation:
C, 51.01% H, 5.99%.
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Fig 5-3 Infrared spectnum of synthetic Fe(acac)3
Fig 5-4 Infrared specdrum of coated Fe (acac) 3
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experiments revealed that it was with no success to
(i) add water into the solution or to substitute the proposition
of enthanol or
(ii) use propanol or dioxane to replace ethanol
(iii) use acidic medium instead of a basic one. This also included
several different combinations of dioxane and water using
phosphoric acid (1 M) as acidifier. The failure was proba-
bly due to the dissolution of the complex formed at the
surface in acidic medium, as evidenced by very little coating
found at the surface.
(3) Testings and results
Complex-coated surface of the. iron sheet with the above-mentioned
solution was brushed with a layer of Elvacite 2013 resin and the whole
coating after drying was corrosion tested in the presence of at least
two control specimens (without complex coating).
Data:
(a) Condensing humidity test (Trial 1.)
Cl C2Si S2 S3.specimen
(Corroded area reported in%)after 6




Fig 23 The nmr spectrum of 4-chloro-21, 2, 4, 4-tetramethyltriphenylmethane
49
a
Intermittent immersion test-- Trial 2.
Cl C2 C3S1 S2 S3specimen
rusted, not
00/LmllLm21/Lm3100/0000/00 00/00lst cycle defined
Lml1/Lm21Lu23/Lu23 Lm32/Lm22Lm21/ Lm21Lm21/Lm21 Lm21/Lm212nd cycle
clear yellowtes t sol'n
evaluation poorfair to good
(c) Atmospheric exposure test
Cl C2 C3Si S2 S3specimer
00/00 00/00 00/0000/00 00/00 00/001st day
00/00 00/00 00/0000/00 00/00 00/002nd day
Lu23/00 Lm21/00 Lm21/Lm2100/00 00/00 00/004th3rd
Lu23/Lm41 Lm21/Lm21 Lm31/Lm326th 00/00 00/00Lul2/Lul25th
evaluation fairgood to very good
Complex-coated using another batch coating solution.
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(4) Summary
Composition of.coating solution:10 ml acac/10 ml ethanol/1 ml NH 4 01-1(1:1).
pH value-of the solution: ca. 9.
Coating method: activating/immersing in solution ca. 15 sec. or less/
drying in air/rinsing with running water/drying in air.
Color of the layer: orange to red.
Conc, of complex: ca. 10-2-10-3 mmole/sheet.
Rust formation during coating: a little.
Final finish: Elvacite® 2013 resin.
Testings and evaluations:
(a) Condensing humidity test.... good to very good
(b) Intermittent immersion........ fair to good
(c) Atmospheric exposure test...... good to very good,
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5.3 Complex-coating with benzoylacetone
(1) Discussion
In. preparation of the coating solution using benzoylacetone as complex-
ing agent two approaches have been used:
(i) the basic approach similar to that of formation of Fe(acac)3 and
(ii) the acidic approach which was based on the larger stability of
benzoylacetone toward Fe3+ions than H+ ions. Both approaches re-
quired a mixture of solvents: ethanol and water,.or dioxane and
water. The following four formulations of the coating solutions
have shown to give satisfactory coating layers and were listed in
order of increasing completeness: (see Plate 5-1).
1.5 gm BACFormulation (1)
60 ml ethanol (95%)
30 ml H2O





several drops of 1:1 NH4OH until
pH ca. 8.5.
.1.5 gm BACFormulation (3),
75 ml dioxane
25 ml H2O
several drops of 1 M H3P04 until
DH ca. 3.
1.5 gm BACFormulation (4)
60 ml ethanol (95%)
20 m1 H2O
several drops of 1-M H3P04 until
pH ca 2.5.
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(2) Characteristics of the coatings
(a) The first two formulations, basic in nature, needed to activate
the clean iron surface before complexation and in immersion-coat-
ing time of 30 seconds. The coating was red to brown with a con-
centration of the order of 10-3 mmole per sheet. Rusted specimens
from atmospheric exposure needed no activation anymore.
(b) For the last two acidic formulationsof coating solution,both
brushing the surface and immersion-coating were possible in the
case of immersion, one minute or less was sufficient. Concentra-
tion of the coated red layer was estimated spectrophotometrically
in the order of 10- 3 mmole per sheet.
(c) Both VIS and IR spectra for all the complex-coatings stripped off
in-CHC13 or CC14 were agreeable to those from the synthetic
Fe(BAC) 3 complex **,42 (see Fig. 5-5, 5-6, 5-7, 5-8 and 5-9).
(d) As shown in the following testing data, the corrosion resistance
increased with the degree of coating completeness and uniformity.
(3) Testings and results
Some polymer resins other than the cacrylic Elvacit( 2013 resin were
used to brush the complex-coated specimens .with appropiately specified
application iiethod.
Performed by using a piece of toothstick wound with cotton soaked in
the coating solution.
Analysis of the synthetic Fe(BAC)3.from calculation:
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Fig. 5-5 Visible spectrum of synthetic Fe(BAC)3.
Solvent:ccl4
Conc. : 5.34x10 -5M
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Fig. 5-8. Infrared spectrum of synthetic Fe(BAC),.
ftRr THclrl J
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57
7.0 8.0 9.0 10 12 14 16 18 20 25 30 40 50
Fig.5-9 Infrared spectrum of coated Fe(BAC)
(KBr disk)
3
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D ata F ormulation( 1 )
( nnd P nsing ' humidittest ( O rganiccoatingwith E lvacite' 2 0 1 3
C l C 2S 1 S 2 S 3specimen
L m 4 1 / L m 4 1 L m 3 1 / L m 3 10 0 / 0 00 0 / 0 00 0 / 0 01 st cycle
L m 4 2 / L m 4 2 L m 3 2 / L m 3 10 0 / 0 00 0 / 0 0L m1 1 / 0 02 nd cycle
L m 4 2 / L m 4 2 L m 3 3 / L m 3 10 0 / L ml10 0 / 0 0L m2 1 / 0 03 rd cycle
L m 4 2 / L m 4 3 L m 3 3 / L un3 2L m 2 1 / L m 1 l L m 1 2 1 L m 2 14 th cycle
evaluation poorgood
( b ) I ntrmittentimmersiontest ( O rganic coatingwith E lvacite ' 2 0 1 3 )
S 2 C2specimen
L m 3 1 / L m 3 1 L m 3 1 / L m 3 10 0 / 0 0 0 0 / 0 0I st cycle
L m 3 3 / L m 3 3 L m 3 3 / L m 3 3L m 2 2 / L m 2 2 L m 1 4 / L m 2 22 nd cycle
evaluation f air poor
. Formulation (2)








































One hour of immersion in salt solution of 3% NaCl
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(a) Condensing hunidity test (Organic coating witn Elvacite ® 2013)
C4S4C3S3C2S2Clspecimen Si
000000 Lm2100 Lm211st cycle 00 Lm21
00 Lm3lm220000 Lm3100 Lm312nd
00 Lm3100 Lm32Lmll Lm3100 serious3rd
00 Lm3100 Lm32Lmll Lm3100 serious4th
good poorgood poorgood poorevaluation good poor
Application method: brushing surface (for complex-coating).
SnCn refer to each side of the same number n specimen.
Condensing 2013)humidity test (Organic coating with Elvacete®
S2S1specimen Cl
lst cycle 00/00 00/00 Lm31/Lm31
2nd 00/00 00/00 Lm41/Lm4l
3rd 00/00 00/00 Lm41/Lm41
4th 00/00 00/00 Lm41/Lm41




(b) Intermittent immersion test@ (organic coat. with Elvacite 2013:
application method of complex-coat: brushing)
Cl C2 C3Si S2- S3specimen
OO/Lmllnot detined Lm21/Lm3100/00 00/00 00/00lsr cycle
Lu23/Lu23 Lm32/Lm22 Lmll/Lm21Lmll/Lmll Lmll/00 Lmll/Lmll2ns cycle
Lu23/Lu23 Lm32/Lu33 Lu14Lm21 /Lm21 Lml] /Lml'l Lml l*/Lm213rd cycle
clear yellow and precipitatedtest sol'n
poorevluati on fair to good
Half area corroded.
One hour of immersion in each cycle.
Intermittent immersion test (or g.'coat. with Elvacite 2013 application of
complex-coat: immersion)
specimen S1 S2 S3 C
1st cycle 00/00 00/00 00/00 Lmll/00
test solution clear. clear clear yellow
2nd cycle Lu12/Lul2 Lu12/Lu12 00/00 Lm3 2/ I,m31




(a) Salt droplet spray test-- Trial 1. (organic coat. with PYLON twice for






poorgood to very goodevaluation
Specimen nature: rusted control nature: clean.
R
test-- Trial 2. (organic coat. with PYLOX;
Salt droplet spray twice for complex-coated specimens and three times for controls)
Cl C2Si S2specimen
Lm32/Lm32 Lm32/Lm3200/00 00/001st cylce
Lm32/Lm32 Lm32/Lm32Lmll/Lmll Lmll/Lmll2nd cycle
evaluation poorgood
Specimen nature: clean control nature: clean.
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(b) Intermittent immersion test-- Trial 1. (org. coat, with Elvacite 203)
specimen Si S2 Cl C2
After 5 cyl. serious rust.a little00/00
cracking and cracking(thr. 3 days)
test sol'n clear clear yellow and ppt.
evaluation .good to very good poor
Intermittent immersion test-- Trial 2. (org. coat, with Elvacit2013)
specimen Si S2 Cl C2
Af ter 2 seriously seriously00/00 00/00
cycles corroded corroded
test sol'n clear clear yel. ppt. yel. ppt.
evaluation good poor
Intermittent immersion test-- Trial 3. (org. coat, with PYLO))
specimen Si S2 Cl C2
nature rusted rusted clean rusted
after 4 cyls.




1. Growth Rates of Output at Constant Prices and of
Population 5
2. Contribution of the Manufacturing Sector to Gross
Domestic Product 7
3. Gross Domestic Product in Real Terms by Industrial
Origin 9
4. Labour Input in Manufacturing Industries............. 11
5. Population Growth 14
6. Size and Growth Rates of Population, Labour Force
and Employment 15
7. Distribution of Population by Age and Sex............ ]7
8. Labour Force Participation Rates 18
9. Relative Productivity of Different Industries in
1976 20
10. Distribution of the Labour Force by Education
Attainment 21
11. Share of Gross Domestic Fixed Capital Formation...... 22
12. Unemployment Rates of Hong Kong 23
13. Growth in Employment of Various Industries, 1971-
1976 24
14. Establishments and Employment of Electronic
Industry 26
15. Establishment and Employment of Financing,
Insurance, Real Estate and Business Service
Group 28
16. Index of Nominal Average Daily Wages Including
Fringe Benefits for Workers in Selected
Industries 29
17. Index of Construction Wages 30

































drops of 1:1 NH,0I
8.5










drops of 1M HQP0,
1 r.
immersingbrusiinc
Dv 1 fl 5mmn 1 o oVinnf-
(2013)... very good
(clean)





drops of 1M HPO
O C
l mmQrci Kruolii r-rr













5.4 Complex coatings with dibenzoylmethane
(1) Discussion
Other experiments have shown that most metal dibenzoylmethanate
complexes were readily formed in a solvent mixture of dioxane and
water (actually only dioxane was the best-choice of aqueous mis-
cible solvent for dibenzoylmethane), Complex-coating on the metal
surface of carbon- steel sheet with this complexing agent in such
a solvent mixture was found workable too, but in an acidic medium
rather than the conventional basic one. The effectiveness and
efficiency of coating were so high that made the brushing surface
application almost possess the some corrosion resistance as the
dipping coating did. The 1 M H3PO4 was still used as the acidifier
for activating surface. Corrosion testings showed that the per-
formance of the complex was excellent in condensing humidity cclz-
dition, and very good even in the highly corrosive 3% NaCl solution
which may attribute to the rapid vaporization of the solvent and
the largest stability constant of this particular metal complex in
the R-dikentonate series.




3 ml 1M H3P04
pH= ca. 3.
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(2) Characteristics of the coating
(a) Coating layer was complete and efficient in both application
methods,
(b) Adsorption of complex layer at the metal surface was considered
to be the strongest among all the afore-mentioned complex
coatings as shown by the following testings and results:







in air for 5
days
evaluation good
Condensing humidity test for the.dip-coat. specimens
specimen Si S2 S3 S4
1st cycle 00/00 0C/00m 00/00 00/00
2nd 00/00 00/Lml1 00/00 00/00
3rd 00/00 00/Lmll 00/00 00/00
evaluation good
(c) The complex layer was violet or red, with a concentration of
the order of 10-3mmole per sheet.
(d) Both VIS and IR spectra of the complex-coating stripped from
the surface in CHC13 or CC14 were in agreement with those of
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the synthetic Fe(DBM)3 complex (see Figures 5-10, 5-11, 5-12
and 5-13).
(e) Coating solution, after many times of coatings, was found
changing from colorless into slightly yellow, while its pH
value remained constant.
(f) The concentration of the complex formed at the metal surface
increased' .linearly with the amount of dibenzoymethane in the
coating solution (see the following results and Figure 5-14
Plate 5-2). Relation between amount of DBM in coating
solution and conc. of complex formed at surface
composition
2.02.01.0 1.00.5 0.5of DBM (gm)
color inten
red color intensity increasedsitu of
the layer
conc. of




Note: All were immersing coated with duration of
30 seconds.,
Preparation: One gram of DBM solid was dissolved in a mixed
solvent of 75 ml dio.xane and 25 ml water then 1 gram of
Fe(N03)3.9H20 was added, the solution was vigorously shaken.
The volume of solution was reduced by heating. in a water bath,
then cooled. The deep red products were recrystallized from
benzene and petroleum ether.
Analysis of this synthetic Fe(DBM) 3 complex from calculation:
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Fig. 5-11 Visible spectrum of coated Fe(DBM)~.
Solvent: CHCl
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1 Fig. 5—3-2 Infrared spectrum of synthetic Fe(DBM)
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Figure 5-14 Relation between the amount of DBM added in the
coating solution and the concentration of the complex formed
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Plate 5-1 Complex-coating of the C-steel sheet using brushing
application with the coating solution:
1.5 g BAC/ 50 ml dioxane/ 50 ml X20/ drops of 1M 113P04.
Picture shows the efficient and complete coating (see also p. 51).
Plate 5-2 Concentration of complex formed at the surface by
complex-coating increases with the amount of complexing agent added
irn the coating solution as shown in this picture by the deep brown
color of the upper coated specimens(A) and the light brown color of
the lower specimens (B).
A= Coating solution: 2 g DBM/ 75 ml deoxane/ 25 ml H2O/ drops of
1M HPO
3 4.




( 3 ) T estingsand results
P olystyreneresin was also used as organic coating for the complex -
coated specimensother than E lvacite ® 2 0 1 3 acrylic resin . T he
preparationof this polymer solution was by dissolving 1 0 gram
of the resin powder in 5 0 ml of methyl ethyl ketone solvent .
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D ata
( a ) C ondensinghumiditytest ( org . coat . with E lvacite2 0 1 3 , dip - coating)
specimen S 1 S 2 S 3 C l C 2 C 3
1 st cycle 0 0 / 0 0 0 0 / 0 0 0 0 / 0 0 rusted and
cracked
IOO/ L m 2 11 4 th cycle L m 2 1 / L mll 0 0 / 0 0 completely corroded
evaluation excellent poor
C ondensinghumiditytest - - T rial 2 . ( org . coat . with E lvacit® 2 0 1 3 dip - eoat . )
specime C 1 C 2 C 3S 1 S 2 S 3
lst cycle 0 0 / 0 0 0 0 / 0 0 0 0 / 0 0 L m 3 1 / L m 3 1 L m 2 1 / L m 3 1 L m 2 1 / L m 2 1
2 nd L m 4 1 / L m 4 1 L m 4 1 / L m 4 1 L m 3 1 / L m 3 10 0 / 0 0 0 0 / 0 0 0 0 / 0 0
3 rd 0 0 / 0 0 0 0 / 0 0 0 0 / 0 0 L m 5 2 / L m 5 2 L m 5 1 / L m 4 1 L m 4 1 / L m 4 2
evaluation very good poor
F ive hours in humidity chamber .
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Coridensirg humidity test-- Trial 3.( org. coat. with Elvacite® 2013, brushing)
Cl C2 C3Si S2_ S3specimen
1st cycle 00/00 00/00° 00/00 Lmll/Lm21 Lmll/Lml.1 Lm31/Lmll
2nd 00/00 00/00 00/00 Lm21/Lm31 Lm2l/Lm21: Lm42/Lm21
3rd 00/00 00/00 00/00 Lm21/Lm31 Lm21/Lm22 Lu25/Lm21
4th 0O/Lm31 00/00 00/Lm21 ILm22/Lm32 Lm22/Lm32 Lu25/LnT22
evaluation good to very good poor
Condensing humidity test-- Trial 4.( org. coat. with Elvacit®-2013 brushing)
specimen C3Si C1 S2 C2
1st cycle 00 not defined 00 not defined 00 not defined
2nd cycle 00 Lmll 00 Lm21 Lu12 Lm21
3rd 00 Lm21 00 Lm21 Lu12 Lm31
4th 00 Lm21 00 Lm32Lm31 Lm31
5th 00 Lm21 Lm3100 Lm32 Lm31
6th 00 Lm31 00 Lm31 Lm32 Lm41
evaluation
very good poor very good poor poor
Note: Sn, Cn refer to the same piece of specimen no. n.



























Note: Number bracketed refers to the hours in the humidity-chamber






















Intermittent immersion test-- Trail 2. (org. coat. with Elvacit® 2013
complexation: dip-coating)
DC1 C2 C3Si S2 S3specimen
rusted rusted rusted00/00 00/00 00/001st cycle
clear clear cleartest sol'n yellow yellow yellow
nearly comple-
Lu14/Lu13 Lu32/Lu.1200/00 00/00 Lmll 002nd cycle tely corroded
test: sol'n clear= clear clear yellow yellow yellow
evaluation very good
Intermittent-immersion test-- Trail 3. (org. coat. with polystyrene
complexation: dip-coat)
Cl C2Si S2specimen
Lm31/Lm31 Lmll/Lmll00/0000/001st cycle 1 (L)





6th Lin21/ Lm21 Lm42/Lm42 Lm23/Lm23Lm12/Lm12(2)
evaluation poorvery good
Note: Number bracketed refers to the hours in humidity chamber.
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Growing Importance of Tertiary Production
To further elaborate on the above findings of the previous
paragraph, reference is made to Table 3 showing the relative size of
the contribution to the G.D.P. of various industries and their
respective growth rates over the period 1970 to 1976.
Within tertiary production, two groups of industries- wholesale
and retail trade and restaurants and hotels, on the one hand, and
financing, insurance, real estate and business services, on the other
- have increased the relative size of their contribution to the
G.D.P., the latter to just under 19 percent in the same year. Both
groups also recorded high growth rates over the period 1970 to 1976.
The development process in most countries has begun with an
emphasis on primary production. For other countries, as primary
production has been mechanised, secondary production has followed and
absorbed a growing share of the work force. At a later stage in this
sequence, as economic transactions become more complex and with
increasing prosperity, there is a reduction of the labour force
engaged in the manufacturing sector and a substantial increase in the
labour force in the tertiary production. However, Hong Kong has not
followed this sequence closely. Until the 1950s, the economy was
geared to the provision of mercantile services. Since then the
development sequence has been more conventional, with manufacturing
production dominating the major portion of our G.D.P. The 1970s,
however, have witnessed a decline in the relative significance of
manufacturing production while-tertiary production has grown in
importance, as shown in Table 3.
Rising Labour Input in Manufacturing Industries
Another observation concerning the manufacturing industries of
Hong Kong is the increasing percentage of labour as a factor of
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(4) Summary
Composition of coating solution: 1 gm DBM/ 75 ml dioxane/ 25 ml
H20/ 3 ml 1M H3P04
pH value of the solution: ca. 3
Coating method: immersing in solution for 30 sec. or brushing the
surface with cotton/ drying in aur
Color of the layer: red to violet
Conc. of complex formed: ca. 1.5x10-3 nmiole per sheet
Rust formation during coating :no
Final finish: Elvacite® 2013 acrylic resin polystyrene
Testings and evaluations
(a) Condensing humidity test (Elvacite® 2013) excellent
(polystyrene) good to very good
(b) Intermittent immersion test (Elvacite ® 2013) very good
(polystyrene) good
(c) Atmospheric exposure test. (Elvacite ® 2013) very good
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5.5 Summary and conclusion
From the testing'data and results, a few points concerning this particu-
lar primer coating by chemical conversion are summarized:
(1) From the lab-tests and atmospheric exposure test, it has been shown
that for the anticorrosive properties, the existence of a layer of
complex primer at the metal surface has proved to be better than
the organic coating alone. (see Plates 5-3 and 5-4).
(2) Such anticorrosive properties of the organic coating due to the
complex primer increase in the same order as the stability of the
corresponding Iron(III) R-diketonate complexes (see Table 5.2).
Dibenzoylmethane benzoylacetone acetylacetone
(3) Complex-coating-from acidic coating solution is preferable to that
from basic coating solution, besides the better corrosion resistan-
ce, in the following manner:
(a) Acidic complex coating needs no activation of metal surface,
while the basic one does
(b) Acidic complex-coating may eliminate the metal hydroxide forma-
tion which prevails during the basic complex-coating process
(c) Acidic complex-coating makes a more uniform and complete coat-
ing layer than basic complex-coating does except acetylactone-
coaling.
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Plate 5-3 Showing the better anticorrosive properties of
the organic coating with the complex as a primer (A)-in
comparison with the organic coating alone(B). (See also
P-83).
A= DBM coated followed by acrylic resin
B= Acrylic resin coated only.





Plate 5-4 Showing.the better anticorrosive properties
of the organic coating with the complex as a prig. er (A)
in comparison of the organic.coating alone (B)
A= DBM coated followed by acrylic resin
B= Acrylic coated only.
Corrosion test: Intermittent immersion test
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Table 5.2 A comparisona among different complex primers coated
at the metal surface
general cor- amt of complexapplicationcompletenesscomplex
rosion resist. formed at layermethod(s)of the layerprimer
ca. 10 -3 mmoledipping, bestexcellentDBM (1 g)
brushing per sheet
ca. 10-3 mmole





With reference to the individual testings and results.
b
Coating solution: 1 ml ACAC/ 70 ml dioxane/ 30 ml H20.
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6. Coating with the Mixture of R-Diketone and Elvacite® 2013 Acrylic
Resin
6.1 Principle
The previous investigations and examinations had showed that a complex layer
formed at the metal surface was proved to increase the corrosion resistance
of the organic layer. It was hence desirable to investigate that the complex
formation meght taken place even inside the organic layer under some 'favo-
rable' condition(s) which would activate the metal surface. Since the com-
plexing agent was mixed with the organic resin and applied to the metal sub-
strate, the previous two-step porcedure( That is, complex-coating followed
by an organic-layer) could be combined into one step only.
The so-called 'favorable' condition(s) for the development of chemical
conversion within the organic layer was in fact a corrosive factor or envi-
ronment which activated the metal surface. For instance, a humid atmosphere
may allow the water vapor to diffuse gradually into the metal surface thr-
ough the matrix of the organic layer, thus initiate the complexation at the
surface. The formation of a complex layer could be evidenced by the appea-
rance of a homogeneous brown to red color at the organic layer. The follow-
ing testings and results support this argument.
Under the afore-mentioned 'favorable' condition(s), the completeness
.and efficiency of the complexation could strongly depend on:
(a) the reactivity of the complexing agent toward the metal ions
(b) the diffusing speed and extent of the corrodent (or stimulant) into
the metal surface through the organic matrix.
Acetylacetone w?.s the first complexing agent attempted in this experi-
ment, but proved not sucessiveful both benzoylacetone and di.benzoylmethaiie
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were proved workable. The organic resin was still the Elvacite® 2013
acrylic resin.
An acceptable formulation of benzoylacetone was as following:
I- 2 gm BAC
10 gm Elvacite R 2013 resin
40 ml methyl ethyl ketone
and the one for dibenzoylmethane was:
1- 2 gm DBM.
R
10 gm Elvacitte 2013 resin
40 ml methyl ethyl ketone.
6.2 Characteristics of the coatings
(a) Both brushing-surface and immersing coatings were applicable at the
surface and the latter was better than the former in the corrosion
resistance.
(b) Appearance of a rather uniform layer of brown color was observed
throughout corrosion tests, in particular the condensing humidity
test. The-color intensity( or concentration of the complex) incr-
eased with the length of exposure time( for condensing humidity
test) and amount of the complexing agent in the coating solution
(see later discussion and Plate 6-1).
(c) The particular layer mentioned in (b) could be completely stripped
off into some organic solvents, e.g., CFIC13, CC14 and acetone, and
the VIS spectrum of the -extract was 'found identical to that of
















6-1 Visible spectrum of coated Fe(BAC)
from nixing BAC in acrylic resin.
Solvent: CHCl
V—» f








Fig. 6-2 Visible spectrum of coated Fe(DEM)3
from mixing DBMin acrylic resin.
Solvent:CHC13
0





6.3 Complex coatings with benzoylacetone
An amount of 0.5 gram of benzoylacetone mixed with 5 gram of Elvacite® 2013
acrylic resin in 20 ml of methyl ethyl ketone was first prepared and the
coatings from this solution were examined. Amount of this complexing agent
in the solution was double in next trial. For immersing coatings, 30 seconds
in the solution was sufficient because of the small, area of the specimens.





Plate 6-1 A comparison of the different methods of development the
complex at the metal surface.
A= Complex-coated followed'by organic covering
B= coated by the mixture of.complexing agent and organic resin
.followed by the condensing humidity test.
(see also p. 87)
(A) Formulation-- 0.5 g BAC/ 5 g acrylic resin/ 20 ml methyl ethyl
ketone.
(a) Intermittent immersion test
(application method: immersing coating)
specimen Si S2 Cl C2
lst cycle 00/00 00/00 00/00 00/00
2nd 00/00 00/00 rusted cracked
00/00 :00/003rd
4 th. Lm21/Lm21 Lm31/Lm31 Lm32/Lm32 Lm32/Lm32
test sol'n clear clear yellow yellow
evaluation good poor
Fifteen minutes immersion.
(b) Salt driplet spray test (application method: immersing)
specimen S1 S2 Cl C2
1st cycle Lm21/Lm21 Lm21/Lm21 Lm51/Lm51 Lm51/Lm51
2nd Lm62/Lm62 Lm62/Lm62Lm31/Lm3l Lm31 /Lm31
evaluation good poor
(c) Salt spray test( application method: immersing)
spray time amt, used Cl C2Si S2
20 min. 37 c.c 00/00 00/00 00/00 00/00
23 120 00/00 Lm21/Lm21 Lm21 /Lm21 Lm31 /I,m31
00/00 Lm2l/Lm2l Lm41/Lm4l Lm4l/Lm41




(B) Formulation— 2 gm BAC 10 gm acrylic resin 40 ml methyl ethyl ketone,
(a) Condensing humidity test (application method: immersing)






C000 0000 0000 0000
0000 0000 0000' 0000
0000 0000 0000 0000





evaluation very gooc}. poor
(b) Atmospheric exposure test (application method: immersing coating)
specimen SI S2 S3 S4 S5 CI C2 C3
1st day
5th day
0000 0000 0000 0000
0000 0000 0000 0000
Lm21Lm21 Lm21Lm21 Lmll00
seriously corroded




Rusted specimen from atmospheric exposure.
Here 0000 means no detectable number of rusting sites which would show a yellow color in
addition to those originally existing red-brown color.
From March 16 to March 22, 1977
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6.4 Complex-coatings with dibenzoylmethane
Various amounts of dibenzoylmethane, namely, 0.5 gram, 1 gram, 2 ,gram
and 2.5 gram were mixed with 10 gram of Elvacite® 2013 acrylic resin in
40 ml of methyl ethyl ketone, and the coatings from the corresponding
solutions were examined. As shown in the testing data below, corrosion
resistance seemed to increase with the portion of dibenzoylmethane in
the coating'solution. Details were discussed later. Both immersing and
brushing scoatings had been tried, for the former, 30 seconds was suf-
ficient, and the latter, brushing once (one pass) was adopted.
Testings and results
(1) With 0.5 gram DBM
(a) Condensing humidity test
(application method: immersing coating)
specimens Si S2 S3 Cl C2
1st cycle 00/00 00/0000/00 00/00 00/00
2nd 00/00 00/00 00/00 Lm31/Lm12 oo/Lmll
00/00 00/003rd 00/00 Lm32/Lm22 Lm21,/Ltn22
4th 00/00 Lmll/00 Lmll/00 Lm42 Lm42 Lm3l/Lm32
5th Lmli/Lmll Lmll/Lmll Lmll/Lmll Lm52/Lm52 Lm41/Lm42
evaluation good poor
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(b) Intermittent. inunersion test (application method: immersing)
specime sSl S2 S3 Cl C2
1st cycly 00/00 00/00 00/00 Lm22/Lm22 Lmll/Lm2l
2ns 00/00 00/00 00/00 Lm23/Lm33 Lr122/Lm22
3rd Lm21/Lm21 Lm21/Lm21 Lm21/Lm21 Lm33/Lm33 Lm23/Lm33
test sol'n slightly yellow yellow and ppt.
evaluation good poor
(c) Salt dropet spray test (application method: immersing)
specimen S1 S2 Cl C2
1st cycle Lm31/Lm31 Lmll/Lm21 Lm43/Lm42 Lm42/Lm32
2nd Lm41/Lm41 Lm21/Lm31 Lm53/Lm53 Lm42/Lrr.32
evaluation fair poor
(2) With I gram DBMS
Condensing humidity test (application: immersing)
specimen Si S2 S3 S4 Cl C2
1st cycle 00/00 00/00 00/00. 00/00 Lm31/Lm31 Lm31/Lm2l




(3) With 2.5 gram DBM
(a) Condensing humidity test application: B--brushing coat
D--dipping coat.
specimen BS1 BS2 BS3- DS1 DS2 DS3
of ter 12
00/00 00/00 00/00 00/00 00/00 00/00cycles
evaluation excellent
Condensing humidity test-- Trial 2. (application: D--dipping)
specimen DS1 DS2 DS3 DS4 DS5
of ter 10 00/00 00/00 00/00 00/00 00/00
cycles
excellentevaluation
(b) Intermittent immersion test (application: as in (a))
specimen DSla DS2a DS3a
1st cycle 00/00 00/00 00/00
2nd 00/00 00/00 00/00
00/00 00/00. 00/003rd
4th Lmll/Lmll Lmll/Lmll. Lmll/Lmll
evaluation very good
a Concentration of complex formed at the surface after test was found
approximately 1.2x10-3 mmole per sheet.






















Concentration of complex formed at the surface after tests was found 2.79x10
mmole per sheet.










evaluation very eood to excellent poor
Note: i mi. i a- i f i
i. The 1st 10 days was from March 19 to 29, 1977; the 2nd 10 days from
March 29 to April 8,1977.
2• The organic layer coated on the metal surface became light brown and well
adsorbed at the surface.











tt T m 3 Tm9 T T-mOTmO
Door
a From March 19 to 29, 1977.
k From March 9 to April 8, 1977.
L Withdrawn and reported on the 4th day of the 2nd 10 days.
Central Dart became seriouslv attacked hence degree of corrosion was -not defined.
Plate 6-2 Coating with the mixture
of complexing agent (DBM) and organic
resin (Elvacite 2013 resin) was de¬
veloping a brown color in the course
of Atmospheric exposure test (see
also p. 96 (c) Trial 1).
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(4) Specimens after condensing humidity test in (3)
The established complex formation in the complexing agent-organic
layer at the metal surface during the condensing humidity test was
here used as another means of chemical conversion for the metal
substrate, and such a resulted coating was under further corrosion
testings other than the condensing humidity one.
Testing and results
(a) Atmospheric exposure test (application: dipping coating)
specimen AS1 AS2 Cl C2, C3
1st 10'days 00/00 00/00 Lm31/Lm21 Lm21/Lm21 Lm31/Lm31
2nd 10 days OO/Lmll Lmll/Lmll Lm52/Lm52 Lm52/Lm52 Lm52/Lm53
evaluation excellent poor
a From March 19 to 29, 1977.
b From March 29 to April 8, 1977.
AS1= specimen no. 1 after many condensing humidity cycles.



















Lm33Lm22 Lii24Lm41 T.mA 1 T,m41
poor
No t e
AS1= specimen no, 1 after 1 cycle of condensing humidity test.
SI= specimen no. 1 originally coated.
CI= control Rnprimpri nn. 1.





















Note: AS1= specimen no. 1 after many condensing humidity cycles.
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6.5Discussion
(1) The existance of a layer of complex thus formed between the metal
surface and the organic layer has proved to greatly increase the
anticorrosive properties of such a coating, particularly the per-
formance in the condensing humidity test. (See Plate 6-3)
(2) The corrosion resistance of such a coating depends on:
(a) the kind of R-diketone added in the coating solution-- DBM
was ranked the best, BAC next and ACAC the worst (see Table 6.1)
concerning the corrosion resistance to the condensing humidity
test.
(b) the amount of -diketone added in the coating solution--
within a reasonable range, thelarger,the better. Table 6.2
.illustrated this-effect with DBM as example.
(c) the length of exposure to the condensing humidity condition,
0
i.e., high humidity and temperature (about 90% RH and 40 C)
within a reasonable range of exposure time, the longer of
exposure time, the more complex formed, thus the higher of
corrosion resistance of the coating (see Table 6.3).
(3) Studies of the 'favorable' condition(s) for this particular com-
plex formation.
The testings and results revealed that among the available conditions
in the study, hot and humid atmosphere( without any particuaar
corrosive gases,'like SO2 and aggresive ion, like Cl) was fa-
vorable for the complex formation inside the coating layer.




Comparison of corrosion resistance to condensing
humidity test among different complexing agent-acrylic
resin coatings
Dl D2specimen D1 D2 D3
after 9 cyl oo/00 00/00 00 /00 Lmll /00 Lm31 /Lm31
excellentevaluation very good
specimen B1 B2 B3 Bi B2- B3
after 9
Lmll/Lm21 00 /Lm31 Lm22/Lm22 Lmll /Lu14 Lm41 Lmll/Lm3i
cycles
evaluation very good good
specimen Cl C2 C3 C4
after 9
Lm41 /X Lm41 /Lm41 Lm41 /Lm41 Lm42
cycles
evaluation poor
Note: (1) D= DBM, dip-coating D= DBM, brush-coating B= BAC, dip-
coating*B= BAC, brush-coating C= control.
(2) Coating solution: DBM or BAC (2 gram), acrylic resin 2013
(10 gram) and methyl ethyl ketone (40 ml).
= Composed of 3 cycles of 2-hour each, 1 ,.cycle of 3-hour and 4 cycles of
6-hour each and l_ cycle of 9-hour inside the humidity chamber.
Slight edge-corrosion.
.X :.Nearly completely corroded.
Table 6.2 Corrosion resistance increasing with DBM added
resistance-L,--o resistance to
DBM added
humidity testings immersion testings
0.5 g good to very good good
1.0 very good to excellent not availableg
excellent2.5 g very good
Table 6.3
Corrosion resistance increasing with length of
exposure to condensing humidity test
(Corrosion test with intermittent immersion)
Nature of after one cycle of after many cycles of
specimen condensing humidity test condensing humidity test
specimen
transfer.
1 2 3 1 2 3from CHT
1st cycle 00/00 00/00 Lm22/Lm22 00/00 00/00 00/00
2nd Lm22/Lm22 00/Lm22 Lm32/Lm22 00/00 00/00 00/00
3rd Lm31/Lm31 00/00 00/00
4th Lm31/Lm31 00/00 00/00
evaluation fair good to very good
Plate 6-3 Showing the better corrosion resistance (to condensing
humidity test) of the 'complexing-agent-organic resin'coated
specimens (D. B) in comparison with the solely organic coated
specimens (C). (See P.100)
D= DBM as complexing agent




(4) Studies of the factors influencing this particular complex formation
(a) The amount of complexing agent in the coating solution increases
with the complex formed. As shown in Table 6.4a and 6.4b, the
concentration of the complex was nearly double when the complex-
ing agent added was doubled.
(b) The length of exposure time in the condensing humidity test in-
creases with the concentration of complex formed almost in a
linear relation (see Table 6.5 and Figure 6-3).
(c) Metallic surface condition:
If the specimen surface was clean, there seemed no any significant
difference in the complex development of the coating layer be-
tween a smooth surface and a slightly pitted one.
Table 6.5
Effect of exposure duration in condensing humidity
test on the concentration of complex formed at surface
421 3 95 6 87
hours of




1.36 0.53 6.53 6.3 3 11.5 10.5 11,9 12.1 19,4104mmole
per sheet
average 0.9 5 11.06.34 12.0 1 9.4
R
Note: (1) Composition of coating solution: 2 g DBM/ 10 g Elvacite`
2013/ 40 ml methyl ethyl ketone.
(2) Application method: immersing coating.
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Table 6.4a Effect of the amount of DBM on the concentration
of the complex formed at the metal surface
(After 4 hours of continuous exposure to the humidity condition)
composition #1 composition #2
specimen 1 2 3 4 5 6
conc. of
complex 7.58 4.55 1.86 2.18 1.91 1.77
estimated
( unit: x104 mmole/sheet)
average 4.66 1.95
Table 6.4b Effect of the amount of DBM on the concentration
of the complex formed at the metal surface
2 cycles of intermittent immersion test)
coat. sol'n composition #1 composition #2
specimen 1 2 3 4 5 6
conc. of




Note: Composition #1-- 1 g DBM/ 10 g ElvaciteU resin/ 40 ml
methyl ethyl ketone. R
Composition #2-- 2 g DBM/ 10 g ElvaciteQ resin/ 40 ml
methyl ethyl ketone.
Table 6.5 Effect of exposure duration in condensing humidity
test on the concentration of complex formed
specimen 1 2 3 4 5 6 7 8 9
continuous ( hours)
exposure 0 2 4 6 8
conc. of




average 0.95 6.34 11.0 12.0 1.94
Note: Composition of coating solution-- 2 g DBM/ 10 g Elvacitee 2013/
40 ml methyl ethyl ketone.
Application: immersing coating.
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Figure 6-3 The length of exposure time in condensing humidity test
increases with the concentration of the complex formed.
Note:condition of preparation
condition of humidity test





2 gm DBM/ 10 gm 2013 resin/


















(5) A mechanism for the chemical conversion occurring in a complexing
agent-organic resin layer in corrosive testing environment was pro-
posed:
By the observed phenomena and experimental data of the complex
formation in a complexing agent-organic layer under corrosion test-
ings, a mechanism may be proposed for the explanation and interpre-
tation of these observed results. Under the condition of corrosion
testings, the iron ion-stimulants or corrodents may diffuse throggh
the matrix of the organic layer into the metal surface with a spped
dependent on thier size and reactivety. Provided that the ion-
stimulants or corrodents diffused gradually into the organic layer,
the activated metal species would be'complexed or adsorbed by the e
existing excess complexing agents. As the test prolonged, a uniformm
brown colored complex would be finally shaped on the metal surface
which because of its unique strcture, would reinforce the corrosion
resistance of the organic coating. However, in the case of immersion
12,43,44
test, the aggressive C1 ion with its small size and stripping attack,
and the assistance from the maximal oxygen available, would leave
too many metal ions to be complexed. The proposed mechanism was
illustrated.in.Figure 6-4.
(6) Although there is no sophiscated technique to study the actual struc-
ture of the complex layer formed at the metal surface by chemical
conversion process in this work, the following experiment (see.Table
6.6) does indicate that an organic layer, containing a synthetic






(a) The approach of (b) Activating the (c) Complexation




activated area at the
metal surface
Figure 6-4 Proposed mechanism of complex formation in a




layer by complexation with the base metal, showed no improvement in
the anticorrosive properties but sometimes worse.
Table 6.6 Experiment on the anticorrosive properties of an
organic layer containing synthetic Fe(DBM)3 complex
(a) Determination of concentration of complex in the coated layer
by spectrophotometric method.




(b) Corrosion testing--- Condensing humidity test
specimen S3 S4 S5 Cl C2
2 cycles




(1) Coating solution: 0.2 g Fe(DBM) 3/ 10 g Elvacite® 2013 resin/
40 ml methyl ethyl ketone.
(2) Application method: immersing for 30 seconds.
(3) Number of specimens (clean) coated: 5 pieces.
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IV. CONCLUSION
Throughout this work, experimental results have supported that the
chemical conversion of the metal surface by organic complexation may form
a primer (undercoat) good for the organic resin coatings. It has proved
that
(1) the extent of corrosion resistance of such a chemical conversion
depends on the completeness and uniformity of the complexation at
the metal surface, whether the base metal is complex-coated followed
by finishing with organic resin or is coated with the mixture of the
organic resin, and
(2) a sucessful coating at this consideration in turn depends on various
factors:
(a) The kind of R-diketones-- dibenzoylmethane ranks the best,
followed by benzoylacetone and acetylacetone
(b) Concentration of R-diketone in the coating solution-- for
complex-coating of the metal surface followed by organic finishes,
about 1% of R-diketone is an optimal mimount however, for the
coating with complexing agent-organic resin mixture, within a
reasonable limit, the larger proportion of the complexing agent
would result in the better coating and higher corrosion resis-
tance.
(c) The pH value-- acidic coating. solution shows better chemical
conversion than the basic one in complex primer formation.
(d) Solvent for the complexing agent-- A solvent mixture of dioxane
and water (3:1) results in minimum corrosion effect during coat-
ing..
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(e) Contacting time of the metal in the coating solution-- in
this work, less than one minute is sufficient.
The deveolpment of a finished, effective complex-coating formula-
tion or paint is, of course, rather complicate and thus beyond the
scope of this work. However, this study has demonstrated the principle
and possibility of such an approach.
111
REFERENCES
1. W.L. Smith, Chemistry, 49, 14(1976).
2. Corrosion Prevention Control, 24(1), 2(1977).
3. H.H. Uhlig(ed.), Corrosion Handbook, Glossary, Wiley, N.Y., 1948.
4. U.R. Evans, The Corrosion and Oxidation of Metals: Scientific
Principles and Practical Applications, Edward Arnold, London,1961.
5. J.C. Scully,Fundamental of Corrosion, Pergamon, London, 1966.
6. W.L. Orr and H.A. Stafford, J. Chem. Educ., 27, 205(1950).
7. G. Wranglen, An Introduction to Corrosion and Protection of Metals,
Butler and Tranner, London, 1972, pp. 155-62.
8. L.L. Shreir(ed.), Corrosion, Vol. 2, 'Corrosion Control', London,
1963, pp. 18.27-18.46.
9. H.H. Uhlig, Corrosion and Corrosion Control- An Introduction to
Corrosion Science and Engineering, 2nd ed., Wiley, 1971, pp. 213-56.
10. M.G. fontana and N.D. Greene, Corrosion Engineering, McGraw-Hill,
N.Y., 1967,-pp. 216-18.
12. Nature, 216(12), 1299 (1967).
13. N.V. Sigwick, The Chemical Elements and Their Compounds. Vol. 2,
Oxford, University Press, 1952, pp. 1361-63.
14. D.Nicholles, The Chemistry of Iron, Cobalt and Nickel. Pergamon
-Press, 1975.
15. L,E. Marchi, in Inorganic Syntheses, Vol. 2, edited by W.C. Ferneliuss,
McGraw-Hill, 1946.
16. W.C. Fernelius and B.E. Bryant, in Inorganic Sytheses, Vol. 5,
edited by T. Moeller, McGraw-Hill, London, 1957.
17. R.B. Roof, Acts Crystallogr.,9,781(1956)
18. R.D. Hancock and D.A. Thornton, Theoret. Chim. Acta(Berl), 18, 67(1970).
11. 帶 銹 塗 料 編 寫 組 編 “ 帶 銹 塗 料 ” ， 機 械 工 業 出 版 社 ， 北 京 ， 中 國 ， 1974 年。
112
19 . R . D . Hancockand D . A . Thornton, J . Mol . Structure, 4 , 377 - 83 ( 1969) .
20 . a . K . Nakamoto, Y . Morimotoand A . E . Martell, J . A . C . S . , 66 , 346 ( 1962) .
b . M . Mikami, Y . . Nakagawand T . Shimanouchi, Spectrochim. Acta ,
23 A , 1037( 1967) .
21 . P . D . Hopkinsa d B . E . Douglas, Inorg. Chem. , 3 ( 3 ) , 357 ( 1964) .
22 . L . G . V . Uitert, W . C . FerneliusandB . E . Douglas, J . A . C . S . , 75 , 455 ( 1953) .
23 . L . G . V . Uitert, W . C . Ferneliusand B . E . Douglas, J . A . C . S . , 75 , 2736( 1953) .
24 . B . Rao and H . B . Marthur, J . Inorg. Nucl. Chem. , 33 , 2919( 1971) .
25 . ' K . Burger , CoordinationChemistry- ExperimentalMethods , Butter -
worth , London, 1973 .
26 . 1 R . L . LintvertandL . K . Kernitsky, J . A . C . S . , 9 ( 3 ) , 491( 1970) .
27 . 上 海 市 第 一 機 電 工 業 局 工 會 編 “ 機 器 基 礎 ” 機 械 工 業 出 版 社 ， 北 京 ， 中 國 ， 1977年 。
28 . 中 國 五 金 交 電 公 司 上 海 五 金 採 購 供 應 站 編 “ 實 用 五 金 手 冊 ” ， 第 二 版 ， 上 海 出 版 社 ，
上 海 ， 中 國 ， 1973年 ， 第 6 . 10 頁 。
29 . T . Lyman, Metal Handbook, 8 th ed . , Vol . 1 , ' Propertiesand Selec -
tion of Metals ' , AmericanSocietyfor Metals , 1961 , p . 62 .
30 . A . Hansonand J . G . Parr , The Engineering' s Guidebookt steel ,
Addison- Wesley, U . S . A . , 1965.
31 . A . K : Graha . m ( ed . ) , ElectroplatingEng eeringHa dbook, Reinhold,
N . Y . , 1962.
32 . CorrosionPreventionand Control, 23 ( 5 ) , 1976 , p . 15 - 6 .
33 . 表 面 處 理 編 寫 組 編 “ 表 面 處 理 ” ， 第 一 冊 ， 國 防 工 業 出 版 社 ， 湖 南 ， 中 國 ， 1973年
34 . F . A . Champion, corrosionTestingProcedures, 2 nd ed . , Chapman d
Hall , London , 1964 , and referencestherein .
35 . D . H . Thompson, ' GeneralTests and Principles' , in Handbookon
CorrosionTestingsand Evaluation, edited by W . H . Ailor , Wiley , 1971 .
113
36. F.P. Helms, 'Testing Corrosion Resistance of.Coatings', in Handbook
on Corrosion Testings and Evaluation, edited by W.H. Wiley, 1971.
37. M.G. Fontana and N.D. Greene, Corrosion Engineering, McGraw-Hill,
N.Y., 1967, pp. 116-56.
38. G. Wrangl'en, An Introduction to corrosion and Protection of Metals,
Butler and Tanner, London, 1972, pp. 212-41.
39. K.G. Compton, Trans. Electrochem. Soc., 91, 705(1947).
40. F.A. Champion, J. Inst. Metals, 69, 47-66(1943).
41. Elvacite®Acrylic Resin - Properties and Uses",Du Poct.U.S.A.,1975.
42. E.W. Berg and J. T. Truemper, J.A.C.S, 64, 487(1960).
43. R.T. Foley, J. Elcetrochem. Soc., 122, 1494(1975).
44. R.M. Burns, J. Chem. Educ., 30, 318(1953).


